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PREFATORY NOTE. 



T^HIS little work is issued in its present form 
■■' by permission of the Publishing Commit- 
tee of the American Society of Civil Engi- 
neers. The text was written in 1869, at which 
time the tables had assumed nearly their pre- 
sent extent. The author, with a majority of 
his colleagues on that committee, regarded 
the matter as too technical to be published in 
the " Transactions.** 

The general principle of sunt and difference 
has long been understood, and is so obvious 
that many must have hit upon it independent- 
ly. In 1878 a tract appeared, by Mr. E. A. 
Giesler, civil engineer and architect, contain- 
ing a limited set of tables for single turn-outs 
on a gauge of 4.7, with a peculiar method of 
applying corrections for curvature in the main 
track, and for different lengths of switch-bar. 
This principle is applied, but in a somewhat 
different way, by William Findlay Shunk, C.E., 
in " The Field Engineer.** A more distinct 
allusion appears in the last editioiv ^"^"^"^ ^^ 
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Trautwine's "Civil Engineer's Pocket-Book,'* 
page 403 ; and the principle is treated more 
in extenso by J. R. Stephens, following Traut- 
wine, in Van NostramTs Magazine, August, 
1883, pages 89-100. Allusions to it are also 
found in "Field Engineering," by W. H» 
Searies, C.E., Member of the American So- 
ciety of Civil Engineers, recently published. 
These works, each in its proper sphere, are 
among the most useful hand-books to be found* 

It is obvious that the tables apply to "point- 
switches," so called, by simply substituting for 
" head-block " the position where the " point- 
rail " departs from the " angle-rail " by an 
amount equal to the " throw " of the switch, 
according to the old method. 

Where the frog-angle is less than three and 
a half degrees it is scarcely practicable to 
make a firm frog. In rare cases, however, 
these lower angles may serve to fix the ad- 
justment where, from any cause, it is neces- 
sary for one rail to cross another at a very 
acute angle by means of a pivoted rail. 

Jacob M. Clark* 

New York, September, 1883. 



RAILWAY TURN-OUTS. 



THE subject of this monograph claims atten- 
tion, rather on account of the aggregate 
amount of industry employed in adjusting the 
contrivances to which it relates, than from its 
professional range. Numerous and careful trea- 
tises attest how fully this claim has been recog- 
nized by the profession ; the present paper aims 
to exhibit, in a systematic form, a method of 
practice, intended, so far as it differs from 
others, to save time and abridge labor. 

The published solutions extant very uniform- 
ly regard the turn-out track as located on a 
curve which is tangent to a switched or de- 
flected . rail. This multiplies cases, requiring, 
for exact determination, the construction of dia- 
grams, much calculation, and in general, the 
use of logarithmic and circular tables. The 
valuable tables of frog-angles and distances in 
existence are based on that method, and do not 
exhibit the corrections sometimes necessary for 
turn-outs from tracks which are sharply curved. 

It is generally more convenient to locate the 
turn-out upon a curve which is tangent to the 
main track at a point not far from the heel of 
the switch. The head-block is tVv^w ^Nsvs:."^'^ 
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where the departure of the centre lines from 
each other is equal to the necessary deflection 
or " throw " of the switch-bar, which, in turn- 
outs from a straight track, should not be less 
than half nor more than the entire distance 
from the head-block back to the tangent-point 
or point of divergence. 

By this device, the exact solutions for all 
turn-outs (except one of rare occurrence), are 
reduced to three cases, each of which involves 
simply the resolution of a right-angle triangle^ 
two of whose parts are known, or of an oblique 
triangle with three given sides. The same is 
true of cross-overs. They are introduced in this 
connection to make clear what follows. 



TURN-OUTS. 



Case I. — Tum-ojit from a Straight Track. 

Let AB (Fig. i) = the gauge = a, 
r' = radius of turn-out track, 
m = the degree of curvature of turn-out 

track, 
t = throw of switch, 
rf = OP = the distance of the head-block 

from the point of divergence, 
D = OF = the distance of the frog, 
F= OCF = the frog-angle : 
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Then, 

Sin. F= ^±^, tang. J^F='/^, 
V2ra 2r 



and 

PF = Z> - ^/= 1^ ( Va - V'/). 

Case II. — Interior Turn-out from a Curved 

Track. 

(Fig. 2) Let r = radius of main track, 

r' = radius of turn-out : 
Then the frog-angle F and the distance OF 
are found by solving the triangle CCT, whose 
sides are respectively (r — j^^), {f + j^^)> ^^^ 
(r - r'). 

Case III. — Exterior Turn-out from a Curved 

Track. 

(Fig. 3) The sides of the triangle to be solv- 
ed are respectively (r + >^^), (r' — j^^), and 
(r + r'). 

OP is practically the same as if one of the 
tracks were straight, the other having at the 
same time a degree of curvature equal to the 
difference of the degrees of curvature of the 
main and turn-out tracks in Case II., or in Case 
III. to their sum. So that generally (Fig. 4), if 
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m be the degree of curvature of the main track, 
»/' that of the turn-out, and designating (Fig. 5)^ 
m ± /«' as the degree of divergence = M, we 
have 

I 

These three cases include that of double turn-- 
outs, whenever the two branches have equal 
degrees of divergence from the main track, by 
simply determining the distance Of (Fig. 6),. 
and the frog-angle /, independently of the main 
track. The value of OP will be the same, 
since 



Vlfl ^^'^^ X 2t= ^/jj. X 4/11460^ 

Whenever the degrees of divergence from 
the main track are unequal, it is best, in order 
that the line of the main track may bisect the 
departure of the two turn-outs from each other 
at the head-block, to locate each turn-out from 
a separate point of divergence. For instance, 
we may determine the angle and position of the 
main-frog, F (Fig. 7), belonging to one turn- 
out, reckoning from its point of divergence, O, 
as in Case II. ; also determine OP. Now let 
M represent the degree of divergence of the 
turn-out OB' from the main track, and M' that 
of the other turn-out, O'B". Take 

PO' = POi/i^. 
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then O' will be the point of divergence for the 
curve O'B", from which to locate the main frog, 
F'', and determine its angle. 

In the same way, let AF be the degree of di- 
vergence of the two turn-outs from each other. 
Take 

and from O" determine the position and angle 
of the central frog, /. 

The error which arises in this case from the 
fact that if we consider the curve OB'' con- 
tinued backward to O" it will not be exactly 
tangent to OB', though parallel with it, is of 
no account in practice, for the switch-bar can 
never conform strictly with the curves. 

Triple and multiple turn-outs, diverging 
through a switch common to them all, have 
the positions and angles of the interior frogs 
determined in the same way, by treating the 
tracks in pairs. 



CROSS-OVERS. 



The simplest way is to pass from one track to 
another by a reverse curve. 

Case I. — Symmetrical Cross-over upon Straight 

TrackSy until equal Radii. 

(Fig. 8) Let // = the distance of parallel U^sjclV^ 
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as the degree of divergence, the expressions 
in Case I. reduce to 

4/"^ * 

^/= i.07r -irr= =^' 



and F=i.07 VaM= ^ VM; 

in which 1.07 is approximately the length of 
arc in loo-feet chains, and at the same time 
the central angle in degrees, corresponding to 
a versed sine of i foot on a 1° curve, while a 
and ^ are the distance and angle of frog on 
a supposed 1° turn-out from a straight track 
with a given gauge. This is the simplest form 
for general approximation, and by stating each 
case according to its degree of divergence, it 
will answer for manv cases of turn-outs, from 
curves as well as from straight lines, where 
minute accuracy is not required. The errors 
may be much reduced by slightly altering the 
co-efficients, as shown in the schedule : 
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To make the analogy more correct and com- 
plete, D should always be reckoned along the 
centre of the track which has least curvature. 

But the chief value of this expression is that 
it renders possible the construction of concise 
tables, from which accurate values can be taken 
out instantly by inspection, without resort ta 
logarithms or draughtsmanship Where preci- 
sion is required, in the case ol turn-outs from 
curves, the proper expression is 

in which D and F are the true values for a 
given turn-out from a straight line, and C a 
variable correction, due, under the same de- 
gree of divergence, to curvature in the main 
track. These corrections are positive for Z> 
and negative for Fj when the divergence is in- 
terior, and the reverse in the contrary case. 

This is the principle of the subjomed tables. 

Table I. contains a column of degrees and 
minutes with their corresponding radii, to 
gether with the strict values of rf, Z>, and /\ 
for turn-outs from a straight track, under dif- 
ferent gauges. 

Table II. is a condensed table of corrections, 
to be applied according to the algebraic sign at 
the top of each column, when the divergence is 
interior from a curved track. 

Table III. Like corrections for exterior di- 
vergences. 
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As these corrections are suited for a gauge 
of 4.7, they have to be changed for other 
gauges. The multipliers in the margin are 
sufficiently correct for the purpose. 

A single numerical example may illustrate 
their use: 

Let it be required to pass from a 4° curve to 
an interior parallel track, by a 12° reverse curve 
(Fig. 10); the gauge being 7 feet, and the paral- 
lel tracks 13.4 feet apart from centres. 

It is manifest from the figure that the point of 
reverse curve, Q, divides both the distance be- 
tween centres, and the whole extent of the cross- 
over, O'" O', very nearly in the inverse ratio of 
the degrees ot divergence; in this case as 16 to 
8 or as 2 to i. 

The radius of the centre between tracks is 
1426 feet, and its degree of curvature (by inter- 
polation) = 4° 01'. 

In like mannex the degree of curvature of the 
inside track is 4° 02'. 

We have, then, for the frog /% J/ = 8° ; and 
from the tables, 



d 

25.1 
(correction from 
Table II.) X i-S = 


D D-d 
100. 1 

+ •3 


F 
8° 00' 

— 02 


Result 


100.4 75-3 


7°-S8'. 



For F' we have to reckon the degree, ot ^\^ 
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vergence from O'", along the centre between 
tracks. 

The degree of curvature for r — y^h = 

471.6 is 12° 10', 

That for centre between tracks = 4 01 



Wherefore, M' = 8° 09', 

and A — ^ = (i 3.4 — 7.0) = 6.4 . 

Therefore, for F'y D F' 

947 f 43' 
(correction from Table II.)Xi.3 = +.3 — 01 



Result 95.0 f 42'. 

To determine 0'"Q and QO', we first divide 
// = 13.4, in the proportion of 16 to 8. The 
parts are 8.93 and 4.47. 

Suppose M^=. 16°, and ^ = 4.47, we have by 
interpolation, 

QO'= 56.3, and 0'F= 17.7, 
QO'"=2QO'= 1 12.6, 
wherefore, d'"0' = 168.9, 

and the distance between head-blocks, 

PP'=(56.3 - i7.7) + (ii2.6-2S.i)= 126.1 , 

which may be reckoned along the centre be- 
tween tracks. 

Suppose, in addition, that at P (Fig. 7) is a 
double switch, diverging exteriorly on a 12^ 
curve. 



LAYING OUT RAILWAY TURN-OUTS. 17 

Then Jf = 16°, and we have from the tables, 

d D D-d F 

17.7 70.9 11° 16' 
(corrections from 

Table HI.) X 1.5 —.2 +02 



70.7 
Result.... PF^= 53.0, /^^=ii° 18'. 

For the centre frog, f, we have M = 24°; and 
from the tables, 

i? = 58.o, i^=i3°4S^ 
(correction from Table 

III.)X 1. 5 —-5 + 05 



57.5 
PO'' = rffor 12°.. 20.5 



Result Pf= 37.0 /=:i3''so'. 

The entire work takes less time than it would 
to prepare the case for solution by trigonome- 
try. 

The degree of divergence is useful in a 
variety of ways for solving minor details in the 
field. For instance : 

[i] In the case just cited we may locate the 
point of reverse curve, and also decide to which 
branch the frog F' (Fig. 10) belongs, by laying 
a line AB (Fig. 11) transversely joining the 
right (or left) hand rails of the par^.Ufi.V Vx-aj^^^ 
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and laying off AD and CB as M' to M, and 
joining CD. If the intersection E falls within 
the parallel track, both frogs belong to the 
same branch ; and if we make Eq = J^^, the 
point of reverse curve will be in the parallel 
of q. 

[2] In a double turn-out, to align the centre 
frog. 

At the proper distance from the head-block 

for the point of the frog (Fig. 12), divide the 

gauge AB in inverse proportion to the degrees 

Bf M' 
of divergence, so that -_=_.. The point of 

the frog will be at f. Now divide the base of 

be M 
the frog in direct proportion, making -— = -— ^ 

and lay the frog so that f b will be parallel with 
the main track. 

[3] It also enables us to lay off one curve 
from another by ordinates, precisely as we 
would lay off a curve from its tangent. 

[4] If the proposition is to locate a cross- 
over upon two given frogs, the conditions of 
the case may be settled in this way : 

[a] If the frogs are alike^ the degrees of 
divergence are the same, and the reversing point 
bisects the whole extent of the cross-over, and is 
in the centre between tracks. 

[b] If they are unlike, and their angles differ 
in a greater ratio than that of the square roots of 
the gauge and the " virtual ** gauge between 
tracks (clear distance between tracks plus twice 



LAYING OUT RAILWAY TURN-OUTS. 19 

the rail-head), they cannot be correctly laid in 
the same cross-over. 

[c] If they differ in a less ratio^ they belong^ 
to different branches of the reverse curve. 

[d] If in that precise ratio^ they belong to the 
same branch, and the reversing point may be 
opposite the farthest frog, or beyond it, as 
convenient. 



COMPOUND DIVERGENCE. 



The only case which eludes the direct appli- 
cation of the tables is where a tangent pointy 
or a point of compound or reverse curvature, 
occurs in the main track, between the switch 
and the frog, forming a compound divergence. 
Sometimes a case of the kind may be reduced 
by so compounding the turn-out as to maintain 
the same degree of divergence throughout ; 
but, in general, a special adjustment is better, 
by one of two methods. 

The first requires an alteration in the main 
track, and depends on a problem of frequent 
occurrence in " location,** not found in the man- 
uals. 

Problem. — To join unequal tangents by two arcs 
of equal length, or rather, having equal chords. 

Let AT and TD (Fig. 13) be the tangents. 
Take TB' = AT, also TB = TD, and join AD 
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and AB'. Make the angle GAD = DAB'. 
Bisect the angle TAG by the indefinite line 
AH, and cut this line in E, by a perpendicular 
to AD, from its middle point O. From E draw 
EC indefinitely, at right angles with AG; 
also, draw DC at right angles with AT ; they 
will intersect EC in C and C, which will be 
the centres of the two arcs required, tangent 
to each other in E. Their degrees of curvature 
are respectively, 

, TAB' — 2DAB' 

m = 



and 



length of arc AE * 



TAB + 2DAB' 
length of arc ED ' 



The truth of this construction is proved by 
drawing DB parallel with AB', and also the 
radii BC and DC ; for by comparing the angles 
involved, the triangles ACE and EC'D are 
found to be isosceles. 

The solution would be the same (changing 
the signs), if A were forward of B, or the piob- 
blem reversed and considered from D. 

Whenever 2DAB' is greater than TAB', m 
becomes negative, and E falls the other side of 
the tangent AT, and is therefore a point ol 
reverse curvature. 

It is manifest also that the solution includes 
the case where B is a point of either reversed 
or compound curvature, since the angle TAB' 
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is half the angle formed by the tangents, pro- 
duced from A and D. 

The operation is instantly performed in the 
field, with sufficient accuracy, by placing the 
instrument at A and observing the angle DAB' 
(TAB' being already known), and tracing the 
curve AE, half way from A to B, with a degree 

r . , TAB'— 2DAB' , 
of curvature m' = ;j-= , and com- 

AE 

pleting the branch ED with a degree of curva- 

. _ ,, TAB'+2DAB' 
ture;«' = Jd 

It may be done with equal facility by ordi- 
nates, whenever AB is a straight line, and 
BQD a circular arc joining the tangents, by 
producing the curve backward to a point N, 
opposite A, and measuring AN, and also AK 
to the prolongation ol the chord BD. The 
ordinate EQ is then = % (AK — AN) ; and the 
branch AE may be set off from the tangent 
AT, and the branch DE from the curve DQ, 
by ordinates proportional to the squares of the 
distances from A and D respectively. 

The degree of curvature of AE is m' = 1 1460 

(ZE \ 
——I ; that IS, ZE divided by the middle ordi- 
nate of a I® curve on a chord = 2AE. 

Whenever, therefore, in the case supposed, A 
is to be the origin of a double or multiple turn- 
out, we may fix a point Dm the main track, a 
little farther, from A than twice the probable 
distance of the farthest frog ; and by compound- 
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ing the main track in the manner just explained, 
all the divergences become simple, and resolv- 
able by the tables. 

The Second method is more simple, and is 
always preferable when A is the origin of a 
single turn-out, since it involves no alteration 
in the main track. The principle is the same, 
whether the divergence be interior or exterior. 

If we consider the frog at F already located, 

it is evident that the frog-angle (Fig. 14) is, 
in the former case, greater, and in the latter 
case less (Fig. 15), than would be required for 
a simple divergence of the same degree. Now, 
suppose both curves continued to some point 
O'", where they become parallel ; and designate 
the distance AB as k, and the distance of the 
curves from each other at O'" as e, we shall have, 
in the first case, 

BO"'=/&X-^,, and ^= >^ X-^,, (Fig. 14), 

T — T T — T 

and in the second, 
BO"->&X-4-;,and^=>^X-^,,(Fig. 15); 

or universally, adhering to our former notation : 



and 



BO'" = /& X -^ ; 

M 



e = —X 



1 1460 M ' 
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that is, 
e == the middle ordifiate of a curve whose degree 



mm 



of curvature is -—— , on a chord = 2k, 

M 

Now, if we conceive one or both the curves 
to be displaced along the normal CC, so as to 
become tangent to each other at O'", or, which 
is the same thing in practice, describe a new 
pair of curves from the centres C and C", pass- 
ing through O'", the frog-angle at F and its 
distance from O'" are manifestly such as would 
be required for the degree of divergence AT, 
and a gauge equal in the former case to ^ + r, 
and in the latter to ^ — e ; and we may there- 
fore, having found O'", and the hypothetical 
gauge a-\- e or a — ^, as just explained, locate 
the frog from O'", and determine its angle, by 
interpolation, from the tables. 

The head-block P may then be located from 
the real point of divergence A, as before ex- 
plained, according to the degree of divergence 
which subsists from A to B. 

For example : if B were the tangent point 
of a 4° curve, and it were required to depart by 
an interior turn-out on a 12° curve from A, 35 
feet back of B, the gauge being 4.7, we should 
have by the formula, 



BO- = 3SX^=52.5; 



also, 
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£ = ordinate for y ^ ^ y curve on 70-feet 

chord, = 0.64 ; 

whence, ^ -f" ^ = 4-7 + 0.64 = 5.34 , 

and from the tables. A/ being 8°, with gauge = 
5-34, 

0"F = 87.3and/^=6° 58', 

and also, 

when Ar= 12°, AP = 20.5 ; 

whence, 

PF = 87.3 - (52.5 — 35) — 20.5 = 49-3 . 

This construction, like the former, applies 
equally well when B is a point of either com- 
pound or reverse curvature; and is applicable 
to multiple turn-outs, by considering the tracks 
in pairs. 



GENERAL DIRECTIONS FOR USING 

THE TABLES. 



I. To find the proper frog-angle and distance 
for a turn-out of given radius, or degree of 
curvature. 

If the main track is straight, use this degree 
of curvature as the degree of divergenee ; if 
curved the same way as the turn-out, use the 
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difference of the degrees of curvature ; if the 
opposite way, their sum. 

Find the proper gauge at the top of Table I.^ 
and follow the double column down to opposite 
the required degree of divergence at the left 
hand of the page: under the letter F is the 
frog-angle, and under D its distance from the 
point of divergence or tangent point of the turn- 
out ; also, near the left hand, under d, the dis- 
tance from the tangent point to the head-block^ 
for different throws of switch (which see at the 
top). The difference of D and d is the distance 
from head-block to frog, measured along the 
centre line, 

N,B, The distances 6.4, 7.4, 8.4, etc., are 
" virtual " gauges (clear distance between tracks 
plus twice the rail-head), for cross-overs so con- 
ditioned that both frogs belong to the same 
branch of the reverse curve. 

Correction, — If the main track is so sharply 
curved as to vitiate the result, look along the 
top of Table II. or III. (according as the diver- 
gence is *' interior " or " exterior ") for the 
figure nearest the degree of curvature of the 
main track. Under this, and opposite the fig- 
ure nearest the degree of divergence, are the cor- 
rections, in feet and decimals for the distance 
(headed D), and in minutes for the frog-angle 
(headed F). D is to be added to the distance^ 
and F subtracted from the frog-angle, when 
the divergence is "interior,'* and the reverse 
in the contrary case. 
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Adjust the corrections according to gauge 
before applying them. 

2. To lay out a turn-out when the frog-angle 
is given. 

Under the proper gauge and letter F, find the 
frog-angle ; opposite are the distances required, 
as before, and the degree of divergence. The 
latter, when compared with the degree of cur- 
vature of the main track, will indicate the 
necessary curvature of the turn-out. If the 
main track is sharply curved, the frog-angle 
will indicate the degree of divergence, suffi- 
ciently near to find the corrections from Table II. 
or III. If " interior," add the correction to the 
frog-angle; if "exterior," subtract it; then the 
frog-angle so modified will give from Table I. 
the true degree of divergence ; the distance to 
be corrected as above explained. 

3. In a double turn-out, to find the distance 
of the centre frog from the head-block, deduct 
from the whole distance Z>, corresponding to 
the degree of divergence of the two turn-out tracks 
as to each other, a distance, d, corresponding to 
half that degree. 
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HINTS TO TRACK-MASTERS. 



1 . To measure the angle of a frog. 

From the point of the frog, with a radius of 
57^ inches, strike an arc of a circle across the 
frog ; the length of this arc in inches and 6oths 
of an inch is the frog-angle in degrees and 
minutes. 

2. To measure the degree of curvature of a track 
already laid. 

On a well-lined portion, measure the middle 
ordinate in feet on a 200-feet chord ; increase 
this ordinate by \ of itself, the result expresses 
the degree of curvature. 

Or: use the middle ordinate of a 214-feet 
chord, or twice the ordinate on 151^^ feet, 
without alteration. 

3. To find the tangent point. 

Find where the rail has departed from the 
range of the tangent by a distance in feet and 
6oths equal to the degree of curvature in de-^ 
grees and minutes ; the tangent point is 107 
feet back. 

4. To calculate the middle ordinate for any 
chord. 

Multiply the square of half the chord in feet 
by the degree of curvature, diminish the pro- 
duct by \ of itself, and set the decimal point 
four places to the left. 
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